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The red Cu-S pair luminescence in GaP has been studied by time resolved 
spectroscopy at several photon energies between 1.39 and 1.77 eV for 
times shorter than 40 ~s. Superimposed on a long lasting luminescence 
a fast decay was observed showing the typical behaviour of donor-aceeptor 
(DA) pair recombination. The transition probability W m was estimated to 
be 106 s -l, being of the same order of magnitude as that of the other 
known DA pairs in GaP. 
Introduction 
Donor-acceptor (DA) radiative pair recombi- 
nation has been extensively investigated for 
shallow impurities in GaP. Comparably little has 
been achieved, however, about DA pairs involving 
deep levels 1,2. In part this is certainly due 
to the strong phonon coupling which prevents the 
observation of any electronic structure (zero 
phonon line) in the luminescence spectra 3-5 
Another complication of deep center recombina- 
tion is the vast amount of nonradiative transi- ~_~ 
tions 6. The kinetics of shallow donor-Cu pair c~ 
emission and the infrared quenching of lumine- ~-~ 
scence have been previously investigated on a z 
time scale up to several minutes 7. In the L~ 
present paper we report on the decay of Cu-S DA z 
luminescence for times shorter than 40 ~s and 
compare the results with the recombination of 
other donor-acceptor pairs like Zn-S and Zn-O 2 
Experimental 
The experiments were performed on commer- 
cially available GaP-crystals supplied by 
Wacker-Chemietronic. Measurements of the opti- 
cal absorption and of the photoluminescence 
revealed the presence of the following impuri- 
ties with approximate concentrations given in 
brackets: zinc (<2-1017 cm-3), sulphur 
(>1017 cm-3), oxygen (NIoI7 cm-3), and copper 
(>1016 cm-3). The samples were p-conducting 
having room temperature carrier concentrations 
not larger than 1017 cm -3. The crystals were 
immersed in liquid helium at T= 1.6 K. Inter- 
band transitions were excited at a quantum 
energy of 2.408 eV by 3 ns long pulses of a dye 
laser. The power in the laser beam of 1 mm 2
cross section was varied by calibrated filters 
up to 1OO ~J per pulse. The photoluminescence 
was detected by a photomultiplier after passing 
through a double grating monochromator. The sig- 
nals were stored and averaged over typically 
104 pulses by a transient recorder. 
Besides these transient measurements the 
cw luminescence spectrum was determined by ex- 
citing with a Kr+-laser at 1.648 eV and at 
2.336 eV photon energies. As shown in Fig. 1 
the spectrum excited at 2.336 eV consists of a 
broad band with peak intensity at 1.65 eV which 
is identified as emission due to Cu-S pair re- 
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Fig. I. Photoluminescence spectrum for cw ex- 
citation of the GaP crystal at 4.2 K. The arrows 
indicate the detection quantum energies of the 
transient measurements. The structure around 
2.2 eV is caused by Zn-S DA pair decay (zero 
phonon line and phonon replicas). The energy 
shift of the peaks is due to different excita- 
tion powers. 
combination in a~reement with results of 
5,u Monemar et al. . The Cu level involved in 
this transition is the so called "A-level" 
(0.52 eV above the valence band) whose physical 
nature is still not quite clear. On the low 
energy side a weak structure occurs which can 
be attributed to Zn-O pair recombinations 2 
This structure becomes much stronger compared to 
the Cu-S emission, if an excitation photon ener- 
gy of 1.648 eV is applied (see Fig. i) because 
the oxygen level involved is directly populated. 
Results 
The decay of the time resolved photolumi- 
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nescence measured for var ious exci tat ion pulse 
powers at d i f ferent  detect ion ~oton  energies 
h9 d ranging from 1.393 eV to 1.771 eV is dis- 
p layed in Figs. 2 and 3 on a logarithmic scale. 
me var ious detect ion quant~ energies are in- 
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Fig. 2. Photoluminescence decay curves for de- 
tect ion quantum energies hu d = 1.610 and 1.771eV 
and di f ferent  exci tat ion pulse powers Ep (arb. 
units). The vert ical  pos i t ion is arbitrary. 
d icated in Fig. i by arrows. The decay curves 
measured at the high energy side of the Cu-S 
band (h~ d = 1.610 eV and 1.771 eV) are p lotted 
in Fig.2 and show that for decay times smaller 
than 5 to iO Us after exci tat ion the decay is 
faster when the excit ing pulse power is lower. 
For longer times, however, a s lower component 
becomes apparent  which determines the lumines- 
cence after about 20 Us. The decay of the 
emis~on on the low energy side of the band is 
shown in Fig. 3. Again there are two characte- 
r ist ic transients, the slower one becoming more 
important  after 2 to 7 ~s. On reducing the ex- 
c i tat ion power the decay at hv d = 1.476 eV be- 
haves s imi lar ly to that on the high energy side 
of the band shown in Fig. 2. 
Discuss ion 
The exper imental  results show that an ex- 
ponent ia l  f it is not appropr iate to descr ibe 
the observed time dependence of the lumines- 
cence. However, an exponent ia l  decay time may 
roughly be est imated for the fast decaying 
component yie ld ing a time constant of about 
iO ~s. This is in order of magnitude agreement 
with the major i ty  carr ier  l i fet ime measured by 
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Fig. 3. The same as Fig. 2 but for h~ d = 1.393, 
1.425, 1.452 and 1.476 eV. The two di f ferent  de- 
cay components are c lear ly visible. 
photoconduct iv i ty  in GaP:Cu 9 and the re laxat ion 
time of the interband exci tat ion induced absorp- 
t ion which was attr ibuted to a transient popula-  
t ion of Cu levels i0 
The decay curves at short t imes for photon 
energies at the high energy side of the lumines- 
cence band, h~ d = 1.610 and 1.771 eV, are simi- 
lar to those of shal low DA pairs when donor and 
acceptor concentrat ions are very unequal  and 
the impurity levels are saturated with charge 
carr iers i. The time dependence can be de- 
scr ibed by a power law t -n with n of the order 
of I. The s imi lar i ty  to shal low impurity pair  
recombinat ion must  be due to the fact that the 
decay kinet ics depends on the wave function of 
only one impurity, in this case the shal low S- 
donors, and is independent of the unknown wave 
funct ion of the deep Cu-level.  The decay curves 
behave in the same way for both photon energies 
because the luminescence consists at the lower 
quantum energy solely of phonon repl icas as has 
been shown in ref.3-5. There are also at the 
higher photon energy strong phonon contr ibu- 
t ions so that the emiss ion is most  probably  due 
to DA pairs  of all  distances. By comparing the 
observed fast decay with experimental  and theo- 
ret ical  results of A.T. r ink et al. 2 we find 
the transi t ion probabi l i ty  W m = W(R-gD) for the 
pair distance R extrapolated to zero to be 
about 106 s -I. A more accurate determinat ion 
of W m is not poss ib le because only one decade 
of the fast component could be observed before 
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the luminescence was dominated by the slow de- 
cay. The transition probability is of the same 
magnitude as that of other DA pairs in GaP 2 
There is no clear explanation for the 
slowly decaying component of the emission. We 
can exclude the Zn-O complex, because its lumi- 
nescence decays very fast and is not observable 
at 1.610 eV II. This long time component may 
originate from very distant Cu-S pairs, which 
decay very slowly. At low intensities this 
luminescence can be observed several minutes 
after the excitation 7. This might indicate 
that the decay mechanism is somewhat different 
from that of other DA pairs. Other possible 
sources of the long time component could be 
the penetration of carriers into the bulk of 
the crystal, luminescence from a different 
impurity or interference from the slower Zn-S 
pair decay, i.e. Zn-S and Cu-S pairs not being 
isolated. Also the observation that the decay 
becomes faster on reducing the exciting pulse 
laser energy cannot be definitely explained at 
present. This result is in contradiction to 
theory and other DA recombination measurements 
1,2. Again a larger penetration of carriers 
into the crystal at higher excitation energies 
might be a possible reason for this effect. 
On the other hand, negatively charged Zn accep- 
tors, whose concentration is much larger than 
that of Cu, could influence the Cu-S recombi- 
nation by the effect of stray coulomb fields. 
Below about hv d = 1.5 eV the contribution 
of Zn-O pairs to the luminescence rises with 
decreasing photon energy and may even exceed 
that of the Cu-S pairs. Therefore we will not 
discuss these curves in detail. The transient 
behaviour, howeve~ is similar to that at higher 
photon energies. Again the decay becomes faster 
when the exciting pulse energy is reduced and a 
long time component of unclear origin is pre- 
sent in the decay curves. 
In conclusion we have measured for the 
first time the decay of the Cu-S pair lumines- 
cence for short times. The experimental results 
show that with the exception of a slow decay 
component the decay kinetics behaves similarly 
to that of other identified DA pairs in GaP, 
even the decay probability is within one order 
of magnitude the same. 
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